Motivating by the discovery of association between GW 170817 and sGRB 170817A, we present a comprehensive analysis for sGRBs observed with Fermi/GBM in 9 operation years and study the properties of sGRB 170817A -like events. We derive a catalog of 275 typical sGRBs and 48 sGRB 170817A-like weak events from the GBM data of 2217 GRBs. We visibly identify two patterns of their light curve, single episode (Pattern I, 61% of the SGRBs) and multiple episodes (Pattern II, 39% of the SGRBs). Their duration distribution shows a tentative bimodal feature. Their spectra can be fitted with a cutoff power-law model, except for 4 sGRBs, and the spectral indices normally distribute at Γ = 0.69 ± 0.40. Their E p values show a tentative bimodal distribution with peaks at 145 keV and 500 keV. No correlation among T 90 , E p , and Γ is found. GRB 170817A is a soft, weak sGRB with E p = 124 ± 106 keV, L iso = (5.67 ± 4.65) × 10 46 erg s −1 , and E iso = (3.23 ± 2.65) × 10 46 erg. It follows the E iso − E p relation of typical short GRBs. Its lightcurve is of Pattern II. Two lightcurve patterns, together with the potential two components in the E p and T 90 distributions, we suspect that the current sample may include two distinct types of sGRBs from different progenitors. sGRB 170817A-like events may be from NS-NS mergers and those sGRBs with a Pattern I lightcurve may be from another distinct type of compact binary.
Introduction
It is believed that the progenitors of short gamma-ray bursts (sGRBs) are coalescence of binaries of compact objects (Nakar 2007), i.e., neutron star−neutron star mergers (NS−NS, Paczýnski 1986; Eichler et al. 1989) , or neutron star−black hole mergers (NS−BH, Paczýnski 1991) . This was supported by observations of their afterglows and host galaxies in the Swift mission era (Gehrels et al. 2005; Barthelmy et al. 2005; Berger et al. 2005; Fong et al. 2010) . The coalescence of two compact stars, on the other hand, may also power high frequency gravitational wave (GW), which was directly detected by the Laser Interferometer Gravitational wave Observatory (LIGO) on September 14, 2015 (GW 150914 Abbott et al. 2016a,b) . During the operation of advanced LIGO/Virgo in the last two years, four GW events were convincingly detected, i.e., GWs 150914, 151226, 170104 and 170814) , and one plausible candidate, LVT 151012, was also reported. All of those GW events are believed to be from mergers of black hole (BH) binary with tens of solar masses (Abbott et al. 2016a (Abbott et al. ,b, 2017a .
GW, together electromagnetic (EM) radiation, now presents a new probe for studying the universe. Searching for possible EM counterparts of GW events is one of the hottest topic since the discovery of GW 150914 (Abbott et al. 2016a ). The progenitor of GW 150914 is a BH-BH binary. It is highly debating whether such a binary system can produce an EM counterpart Connaughton et al. 2016; Perna et al. 2016; Zhang 2016) . Differing from merger of a BH-BH system, prominent EM counterparts of NS-NS and NS-BH mergers are highly expected (Metzger & Berger 2012 , for review), such as short GRBs of their relativistic jets, multiple wavelength afterglows when their jets propagate into surrounding medium (Berger 2014 , for review), sGRB-less X-ray counterpart (Sun et al. 2017) , and kilo/merger-nova in the optical/infrared band (Li & Paczýnski 1998; Metzger et al. 2010; Yu et al. 2013; Berger et al. 2013; Tanvir et al. 2013; Yang et al. 2015; Gao et al. 2017) . It was also proposed that mergers of double neutron stars may be also related to the fast radio bursts (FRBs), which is a radio transient with duration of milliseconds at cosmological distances (Lorimer et al. 2007; Thornton et al. 2013; Totani 2013; Zhang 2014; Keane et al. 2016; Zhang 2016; Dai et al. 2017) . Searching for connections between GW candidates and SGRBs have been done by the LIGO collaboration team since the operation of LIGO (Abadie et al. 2010 (Abadie et al. , 2011 (Abadie et al. , 2012 Abbott et al. 2016c ).
Very interestingly, aLIGO/Virgo recently detected GW 170817, which was proposed to be produced by a NS-NS meger at a distance away from us about 40 Mpc (Abbott et al. 2017c) . Its EM counterpart was also detected in the X-ray, optical, and radio bands (Troja et al. 2017; Nicholl et al. 2017; Fong et al. 2017; Hallinan et al. 2017) , and a weak sGRB 170817A (Goldstein et al. 2017 ) may be associated with GW 170817. Limits on the MeV band of this event was also made by Hard X-ray Modulation Telescope(HXMT; Li et al. 2017 ).
This paper dedicates to present a systematical analysis on the sGRB observed with Fermi/GBM since its operation in 2008 and investigate whether GRB 170817-like events are distinct from typical sGRBs. Our data reduction are presented in §2. We report an Fermi/GBM sGRB catalog of 9 operation years with our criteria and present its statistical properties in §3. In §4, we compare the properties of GRB 170817A with the global sGRB catalog and make deep search for such kind of weak sGRB events in the GBM data archive. conclusions are drawn in section 5 with some discussions. Throughout the paper, a concordance cosmology with parameters H 0 = 71 km s −1 Mpc −1 , Ω M = 0.30, and Ω Λ = 0.70 is adopted.
Data reduction and Sample Selection
The Fermi satellite was launched in June 2008 and has been operated for more than 9 years. There are two instruments onboard the Fermi satellite. One is the Gamma-ray Burst Monitor (GBM; Meegan et al. 2009 ), which has 12 sodium iodide (NaI) and two bismuth germanate (BGO) scintillation detectors which covers an energy band from 8 keV to 40 MeV. Another one is the Large Area Telescope (LAT; Atwood et al. 2009 ), which has an energy coverage from 20 MeV to 300 GeV. LAT Low Energy data (LLE; 30-100 MeV) that are produced from a non-standard LAT analysis by the means of increasing the effective area of the LAT at low energy 30-100 MeV are also available for some GRBs.
We download the GBM and LAT data as well as the LLE data for all GRBs from the public science support center at the official Fermi web site 1 and Fermi Archive FTP 2 . A PYTHON code was developed to extract the energy-dependent lightcurves and spectra by using the package gtBurst 3 . We separate the NaI and BGO detectors into two energy bands, respectively (e.g., [8, 50] keV and [50, 1000] keV for NaI; [250, 1000] keV and [1000, 40000] keV for BGO). We employ the Bayesian Block algorithm to identify the lighjtcurves. Our procedure is described as following:
(a) Firstly, we extract lightcurve with a time-bin of 64 millisecond to identify a possible signal in different energy bands in the time interval of [-50, 200] s in order to search for possible precursors and extended emission of a sGRB, where the GBM trigger time is set as 0. The number that controls blocks created in the gtburstfit tool (Scargle 2013) is normally adopted as 3 for picking up a weaker signal in our analysis.
(b) If a possible Bayesian block can be identified, we calculate the T 90 of the bursts in the NaI energy band by using the Bayesian block method. Then, we adopt a 16 ms time-bin, instead of the 64 ms time-bin, to extract the lightcurve again in the time interval [-2, 5]s for deriving the details of the temporal structures of these sGRB. In case of that possible precursor and/or extended emission episodes is found, the time interval is accordingly broadened to include these structures.
(c) We extract the spectra of these events in the burst duration with the NaI and BGO data (as well as LLE data if available) by using the gtBurst tool. XSPEC is used to perform joint spectral fits of the GBM and LAT data. The statistic PGSTAT is adopted to judge the goodness of the spectral fits. A cutoff power-law model (CPL) is adopted as the primary model in our fits, which is written as,
In case that the CPL model cannot give reasonable fit to the high energy data, the Band function (Band) is used to fit the spectra (Band et al. 1993) ,
where α and β are the low and high energy photon spectral indices, respectively; E b is the break energy in the spectrum, and the peak energy (E p ) of spectrum is related to E b by
An extra power-law component (N(E) = A · E −λ ) are also needed to fit the spectra for few sGRBs that were observed with LAT.
During the 9 year operation (from August 2011 to August 2017), 2217 GRBs were triggered by Fermi/GBM. GRB duration is energy band dependent (e.g., Qin et al. 2013 ). We adopt a criterion of T 90 < 2 seconds in the GBM band for making our sGRB sample similar to that in the BATSE sGRB sample. There are 275 GRBs are included. They are listed in Table 1 . Among them 7 sGRBs are detected by both GBM and LAT. The percentage of sGRBs is 13% of the GBM GRBs. It is less than that in the Burst and Transient Source Experiment (BASTE) catalog, which is ∼(20-25)%. This may be due to our selection effect since we calculate the T 90 in the GBM band (8-1000 KeV), whereas it is normally calculated in the 50-300 KeV band for BATSE GRBs. The duration in a lower energy band tends to be longer than that in a harder energy band (e.q., Zhang et al. 2007; Qin et al. 2013; Lü et al. 2014) . Therefore some GBM GRBs with T 90 < 5 seconds may be also classified into the sGRB group in the 50-300 keV band.
3. The sGRBs Catalog and Statistical Properties 3.1. Spacial Distribution and the log N-log P Curve Figure 1 shows that the spacial distribution of the sGRB in our sample. It is found that the distribution is isotropic. This is consistent with that observed with BATSE (e.g., Meegan et al. 1992) . Figure 2 shows the log N − log P curve for our sample, where P is the photon flux in the units of photons cm −2 s −1 in the GBM band. Note that the threshold of GBM is 0.7 photons cm −2 s −1 . The difference between GBM and Fermi at low energy may be due to the flux truncation effect and the low trigger probability of sGRBs with a flux close to the GBM threshold (e.g. Qin et al. 2010 ).
Lightcurves and Duration Distribution
The lightcurves of all sGRBs in our sample usually are highly variable. We visibly identify two patterns of these lightcurves. One is dominated by a single episode (Pattern I). 61% of the sGRBs (168 out of the 275 sGRB) are of this group. Figure 3 (a) show two examples of this lightcurve pattern. These lightcurves usually rapidly increase and drop, being dominated by one main block. The other one is composed of several multiple separated episodes or distinct pulses (Pattern II). About 39% of the sGRBs (107 sGRBs) are of this group. The episodes or pulses of most sGRB in this group are connected blocks (83 out of 107 sGRBs). These sGRBs usually weaker than that of the Pattern I, but their durations tend to be longer than that of the Pattern I events. Figure 3 (b) shows two examples of the Pattern II lightcurves. Among the 107 sGRBs, 21 sGRBs have a lightcurve that is composed of some bright, separated blocks. We find only two cases (GRBs 081216 and 090510) that show a well-separated precursor structure in their lightcurves. They are shown in Figure 4 .
The T 90 distribution of the sGRBs are shown in Figure 5 . It is very broad, spreading from tens of millisecond to 2 seconds. The sharp cutoff at the long T 90 end would be due to our sample selection effect. A tentative bimodal distribution is observed. Our fit with a model of two-component of Gaussian function yields two peaks at log T 90 /s = −0.41 ± 0.49 and log T 90 /s = 0.13 ± 0.16. Note that the visible bimodal distribution and empirical multiGaussian function fit depend on the bin size for making the distribution. We test the statistics of the bimodality with a method proposed by Ashman et al. (1994) 4 . The significance of bimodality is evaluated with a chance probability P k . A smaller P k rejects one single Gaussian distribution for the data with higher confidence. Conventionally, P k < 0.05 rejects one Gaussian component in the data. We get P k = 0.006, marginally suggesting two Gaussian components in the data.
Spectral Properties
The preferred spectral model in our analysis is the CPL model. Except for GRBs 090227, 090510, 110529, 130310, and 160709, the time-integrated spectra of all sGRBs in our sample are adequate fitted with this model. Seven sGRBs, i.e., 081024, 090227, 090510,110529, 130310,141222, and 160709 , were also detected with LAT. Their lightcurves and spectra together with our fits are shown in Figure 3 . It is found that an extra power-law component is required to fit the spectra of sGRBs 090510 and 160709 (see also Ackermann et al. 2010; Zhang et al. 2011) . The fits with the Band function for GRBs 090222, 110529, 130310 are significantly improved over the CPL model. Therefore, we adopt the Band function to fit the spctra of the three sGRBs. The spectra of GRBs 081024 and 141222 in the GBM and LAT bands still can be fitted with the CPL model. The spectral parameters derived from our fits are reported in Table 1 and 2. The distribution of reduced χ 2 of our fits are shown in Figure 10 . Figure 7 shows the distributions of Γ, E p , and peak flux (F p ) in the GBM energy band (8 keV-40 MeV) for the sGRBs. The Γ distribution is normal, which is Γ = 0.69 ± 0.02. The E p distribution ranges from tens keV to several thousands keV. It shows a tentative signature of bimodality, with peaks at ∼ 140 keV and ∼ 500 keV. Similar signature is found in the HETE-2 GRB sample (Liang & Dai 2004) . Statistical test with the method proposed by Ashman et al. (1994) yields P k = 0.007. The distribution of F p ranges from ∼ 2 × 10 −6 to 10 −4 erg s −1 cm −2 . The cutoff feature in the low-F p end is caused by the GBM threshold. Figure 8 shows the sGRBs in the E p − F p , E p − T 90 and F p − T 90 planes. We do not find any statistical correlation among them. Basford (1988) and McLachlan & Peel (2000) . We use the code of Ashman et al. (1994) who applied this technique to detect and measure the bimodality of astronomical data sets.
GRB 170817A in Comparison with typical sGRBs
GW 170817 is proposed from merger of a NS-NS binary in nearby galaxy NGC 4933 (Abbott et al. 2017c) . sGRB 170817A may be connected with GW 170817. It was triggered by both Fermi/GBM and INTEGRAL at T 0 =12:41:06.47 UT on 17 August 2017 (Goldstein et al. 2017; Savchenko et al. 2017) . It is closed to NGC 4933 with a distance of 24
• . Taking NGC 4993 as its host galaxy, one has the physical distance about 40 Mpc (Levan et al. 2017 ).
We extract the lightcurve and spectrum of GRB 170817A by using our PYTHON code. A weak signal can be identified using the Bayesian Block method within 3σ confidence. Its duration is 0.57 ± 0.15 s, being consistent with that reported by the Fermi team within error bar (T 90 ∼ 0.647 s; Goldstein et al. 2017) . The lightcurves in different energy bands are shown in Figure 9 . Its spectrum can be fit with the CPL model, which yields E p = 124 ± 106 keV and Γ = 0.79 ± 0.54, with a reduced χ 2 = 1.05 in 242 degree of freedom. The fitting result is also shown in Figure 9 . We compare the properties of this events with the global sGRBs in our sample by marking this event in Figure 5 and 7. Its duration is right at the gap of the tentative bimodal distribution. Its Γ is consistent with the typical Γ value of the sGRBs. Its peak flux is at the lowest end of the F p distribution, and its E p is right at the low-energy peak of the tentative bimodal E p distribution of the global sGRB sample.
The peak flux and fluence in the energy band 8 keV to 40 MeV are (2.94 ± 2.41) × 10 −7 erg cm −2 s −1 and (1.67 ± 1.37) × 10 −7 erg cm −2 . If one adopt the distance of 40 Mpc, the peak luminosity and isotropic energy are corresponding to (5.67 ± 4.65) × 10 46 erg s −1 and (3.23 ± 2.65) × 10 46 erg, respectively. Therefore, it is definitely an extremely low-energy, low-luminosity, soft sGRBs comparing to typical sGRBs (e.g., Zhang et al. 2017) . Figure ? ? show this event in the E γ,iso − E p plane in order to examine whether it follows the E p − E γ,iso relation of typical sGRBs. We find that it falls into the low-luminosity end, but is still within the 2σ range of this relation.
Association of GW 170817 and GRB 170817A is of great interest. The lightcurve of GRB 170817A is similar to that of Pattern II in our sample. We have identified 83 similar sGRBs in the our sample. However, GRB 170817A is even weaker than these sGRBs. We adopt the same criterion for identifying the GRB 170817A to make further search for similar events in the GBM data archive. 48 similar events are obtained. They are listed in Table  3 . We show two examples of the lightcurves in Figure 11 Since the sinal is weak in these events, their spectra is highly uncertain. We therefore do not make spectral analysis for these events.
Conclusions and Discussion
We have present a comprehensive temporal and spectral analysis for the GRB data observed with Fermi in 9 year operation and dedicated to study the properties of sGRBs and GRB 170817A-like events. Our results are summarized as the following:
• We obtain a catalog of 275 sGRBs. The skymap of these sGRBs are isotropic distribution, and the log N − log P distribution is consistent with that observed by BATSE.
• Two light curve patterns are identified from the sGRB sample, i.e., single episode (Pattern I, 61% of the sGRBs in our sample), multiple episodes (Pattern II, 39% of the sGRBs). Precursor is only seen in two GRBs in our sample. This is consistent with the observations with Swift (Hu et al. 2014) . Their duration distribution show a tentative bimodal feature.
• The spectra of the sGRBs are fitted with the CPL model, except for 5 sGRBs. Their E p distributions show a tentative bimodal feature, peaking at 150 KeV and 500 keV. The Γ distribution is well fit with a Gaussian fucntion, yielding Γ = 0.69 ± 0.02. We do not find any correlation among T 90 , E p , and Γ. An extra power-law component, which dominates the spectrum in the LAT band, is required to fit the spectra of GRBs 090510 and 160709.
• GRB 170817A is a soft and weak sGRB. We get T 90 = 0.57±0.15 s, E p = 124±106 keV. Its Γ value is the same as the typical one of sGRBs. It is an extremely low-luminosity, low-energy sGRBs, but it still follows the E iso − E p relation.
• The lightcurve of GRB 170817A is similar to that of the Pattern II in our sample. With the criterion for identifying the lightcurve of sGRB 170817A, we also search for similar events and find 48 cases in the GBM GRB data archive in the past 9 years. Together with the 83 events of the Pattern II group in our typical sGRB sample, the GRB 170817A-like events are 131. This is comparable to that in the Patter I (168 sGRBs).
Motivating by the NS-NS merger origin of GRB 170817A and GW 170817, we are interested in searching for possible signatures of different types of sGRBs in current sample. Lightcurve pattern may give clues to the sGRB progenitors and central engines (e.g., Dichiara et al. 2013) . The most favorable progenitors of sGRBs are coalescence of the NS-NS binary (NPaczýnski 1986; Eichler et al. 1989 ) and NS-BH binary (Paczýnski 1991). The two lightcurve patterns identified in this analysis, together with the tentative two-components in the E p and T 90 distributions, may imply two distinct types of progenitors. The lightcurve of GRB 170817A is grouped in to the Pattern II, which characterized with some weak pulses or episodes. Note that several distinct emission episodes may be due to late activity of the GRB central engines (e.g., Burrows et al. 2005; Fan & Wei 2005; Zhang et al. 2006; Dai et al. 2006 ). This was convinced by the observed late X-ray flares post the prompt gamma-rays of some sGRBs (such as GRB 050724, Berger et al. 2005) . With the fact that the progenitor of GRB 170817A is a NS-NS binary based on the observations of GW 170817 (Abbott et al. 2017c) , one may suspect the progenitors of the sGRB with a Patter II lightcurve may be NS-NS mergers. sGRBs with a Pattern I lightcurve, on the other hand, may be from BH-NS mergers. The rapid increase and decrease feature of these lightcurves may suggest that they are produced when the NS was rapidly swallowed by the BH in a BH-NS binary (see Nakar 2007; Berger 2014 for reviews). As reported in Hu et al. (2014) , precursors are rarely seen in the lightcurves of sGRBs. A precursor was detected only for two sGRBs out of the 275 typical GRBs. This likely suggests that most mergers of compact stars would be sudden events without precursors, particularly for mergers that produce sGRBs with a Patter I lightcurve.
The E p distribution of our sGRB sample is broad, ranging from tens of keV to thousands of keVs. We compare the E p distribution with a sample of bright, long GRBs observed with BATSE ( Figure 12 . We find that the E p values of our sGRB sample spread almost the same range as that of the HETE-2 sample 5 , and is much broader than the bright BATSE sample. This fact suggests that the narrow E p distribution of BATSE GRB is due to the instrument selection effect and sample selection effect. The E p distribution of the HETE-2 sample moves to a lower energy end, spreading in the range of 20-300 keV. This is resulted from the energy band of HETE-2, which is sensitive in the 2-400 keV band. The energy band of GBM is from 8keV to 40 MeV, but is sensitive only in the 8-1000 keV band. Its E p distribution of much broader than that of the BATSE and HETE-2 GRB samples. If the bimodal E p distribution makes sense, the high E p component of the sGRBs have an E p much larger than that of bright long GRBs observed with BATSE. The low E p component of the sGRBs are comparable to the bright long GRBs. The observed long-soft and short-hard feature in BATSE sample would be due to selection effect.
It was proposed that FRBs may be originated from compact star mergers (Thornton et al. 2013; Totani 2013; Zhang 2014; Dai et al. 2017 ). This may imply a possible connection between FRBs and sGRBs. Note that the durations of 23 FRBs are found to be less than 100 milliseconds so far (Lorimer et al. 2007; Keane et al. 2016) . The durations of 31 sGRBs in our catalog are less than 100 milliseconds. We explore whether those extremely short GRBs are associated with FRBs in spatial distribution. Figure 13 shows these sGRBs and FRBs, but we do not find any association of the FRBs and these sGRBs.
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